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A marked increase in the gamma globulin and a  fall in the albumin has been 
demonstrated following hyperimmunization of rabbits. In an  earlier study it 
was shown  that  the plasma volume increases simultaneously with increase in 
gamma globulin and fall in albumin. The gamma globulin apparently has the 
effect of a  "plasma expander" (1). 
The object of the present paper has been to try to confirm this observation 
of a  relationship between  gamma  globulin and plasma volume.  At  the  same 
time the red cell volume was studied in order to see how the change in plasma 
volume affected the red cell volume. 
Methods 
The same race of rabbits and the same pneumococcal vaccine as used in earlier experiments 
were  employed.  2 ml. vaccine were given intravenously 3  times a  week during 3 periods: 
the 1st immunization period being November 10, 1959, to December 5, 1959, the 2nd period 
January S, 1960, to April 11,  1960, the 3rd period July 13,  1960, to September 21,  1950. 
The study of plasma proteins, plasma volume, and red cell volume was done during the 3rd 
immunization period in S immunized  animals and 4 control animals (August 27,  1960: rab- 
bits 56-70 (immunlzed)  and 56-79 (control),  September 10, 1960: rabbits 56-74, 56-66 (im- 
munized), and 56-77, 56-78 (controls), September 17, 1960: rabbits 56-56, 56-64 (immunized) 
and 56-76 (control)). 
Serum protein analyses were undertaken by paper electrophoresis according to the method 
of Laurel1 eta/. (2) and the total protein determinations by the method of Lowry eta/. (3). 
Several protein analyses were performed during the immunization periods and the study of 
plasma volume and red cell volume was done during the 3rd immunization period when sev- 
eral of the rabbits had rather high gamma globulin values. 
Hematocrit values (duplicates)  were measured  in modified Winthrobe tubes spun 30 min- 
utes at  3000 R.P.~. (effective radius 15  era.). 
Plasma volume (PV) was determined as the 10 minutes distribution  volume of intravenously 
injected mI-labelled rabbit serum albumin.  Rabbit albumin was labelled according  to the 
method of Vea]l, Pearson,  and Hanley (1955) (4). More than 99 per cent of total activity 
was protein-bound. 2 to 5 ttc. were applied in each animal. 
Red cell volume (RCV) was similarly calculated from the dilution of intravenously injected 
~lCr-tagged autologous  erythrocytes 10 minutes after the injection and the hematocrit read- 
ing of the blood sample. The labelling procedure was essentially the same as that given by 
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Mollison (1959)  (5). Well below 1 per cent of the activity was extracellular. The amount of 
51Cr-activity was 5 to 10 ~e. in each experiment. A high fragility of rabbit erythrocytes neces- 
sitated separate injections of lzlI-albumin and 5xCr-erythrocytes which was done successively 
in the same ear vein. Blood was obtained after 10 minutes from the opposite ear. The amount 
supplied  was determined by weighing the syringe before and after the injection.  Aliquots 
(2 ml.) of heparinized blood were pipetted into vials designed for  a  well type NaI-thallium- 
activated scintillation counter. Red cells contained in 2 ml. blood were washed 3 or 4  times 
with saline until the activity of the saline was less than 1 per cent of red cell activity.  Meas- 
urements on whole blood and red cells were made for a period sufficient to ascertain a  standard 
error of about 1 per cent of the net counting rate. The difference between their rates indicated 
the contents of lslI-albumin in2 ml. blood orin [2  X  (1001~ooHtC)] ml.  plasma  (Htc= 
hematocrit). 
Hence, the volumes of plasma (PV), red cells (RCV), and blood (BV) could be calculated 
knowing the injected dose of ISlI and 51Cr-activity, and the lslI- and 51Cr-activity contained 
in 1 ml. of RC and plasnm respectively. 
BV was taken as the sum of plasma volume and RCV or it was calculated from RCV and 
hematocrit of blood sample. 
RCV X  100. 
Body hematocrit was calculated as: 
RCV+PV 
The rabbits were weighed every week or every 2nd week during the entire experiment. 
20 rabbits were immunized and 5 were kept as controls. Only one immunized rabbit was lost 
during the experiment, 6 weeks after the end of the 2nd immunization period, of an unrelated 
disease  (encephalitis). 
RESULTS 
The weight of the rabbits increased during the experiment from about 2800 
to about 3500 gin.  in the immunized as well as in the control animals.  The 
hyperimmunized animals were clinically healthy. 
The serum protein values for the 9 rabbits studied appear in Table I. The 
gamma globulin values for the 4 control animals vary from 0.17 to 0.70 gm. 
per cent and for the immunized animals from 3.57 to 10.4 gm. per cent. Three 
of the albumin values in the immunized animals are lower than the albumin 
values in the control group. 
The plasma volumes calculated per kg. appear in Table I  and are between 
28.8 and 32.1  ml. for the control animals and between 39.3 and 72.8  ml. for 
the immunized animals. 
It appears from Fig.  1 that the plasma volume increases with the increase 
of gamma  globulin.  In  this  figure are  also  plotted results from experiments 
performed in 1958 (1) (2 control animals and 7 immunized rabbits from the 2nd 
immunization period) and it is apparent that the same relationship exists for 
both groups of  experiments.  Hemoglobin  concentration,  venous  hematocrit, 
and red cell volume appear in Table I  and Fig.  2. It will be seen that hemo- 
globln concentration and hematocrit are lower in the immunized animals but M.  BJCRNEBOE  AND  S. ]A~  1007 
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red  cell  volumes  are  the  same  in  the  two  groups.  Total  blood  volume  de- 
termined as the sum of plasma volume and red cell volume is higher in the im- 
munized animals.  Blood volume calculated  from the  dilution  of the  injected 
labelled red cells is also higher in the immunized animals than in the controls. 
Blood volumes calculated in these two different ways are not identical,  blood 
volume calculated as the sum of plasma and red cell volume being the greatest. 
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FIG. 1. The relation between plasma volume and gamma globulin in 6 control rabbits and 
12 immunized rabbits. 
Black dots indicate present series of experiments. Open circles indicate experiments of 
August, 1958, (see references 1). 
cells  and  labelled  serum  albumin.  Body  hematocrit  is  lower  than  venous 
hematocrit. The ratio body/venous hematocrit was below unity in all animals, 
in 4 controls it averaged 0.86,  in 5 immunized animals 0.82, but scattering was 
considerable.  The  total  circulating  albumin  (calculated  from plasma volume 
and albumin concentration)  is slightly higher in  the immunized animals than 
in the control animals (Table I). 
DISCUSSION 
The  experiments  confirm  earlier  observations  that  during  immunization 
increase in  serum gamma globulin  concentration  (caused by increase in anti- 
body protein) is followed by increase in plasma volume. The antibody protein M.  B~RNEBOE AND S.  ]~ARNUM  1009 
acts as a  "plasma expander" when it is produced in such high concentrations 
as here. During this expansion of plasma volume total red cell volume is con- 
stant. Consequently hemoglobin concentration falls. 
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Fro.  2. Plasma volume (PV), blood volume (BV), red cell  volume (RCV) and hemogUnob 
(Hb)  in 5 immunized  and 4  control rabbits. 
Horizontal arrows indicate  the mean values for the four control  rabbits. 
Blood volume is calculated  in two ways i.e.:  (a) as the sum of plasma volume and red 
cell  volume (black  columns) and (b) from the dilution  of labelled  red cells  (white  columns). 
Plasma  volume determined  by aid of labelled albumin  (dye or 1311) may be erro- 
neously high in infectious states (6) and in hypervolemia  (7). Theoretically  this might 
be part of the explanation  why a marked increase of PV was previously found in im- 
munized  animals.  Thus,  if labelled  albumin  escaped  from the  vascular  bed  at an 
increased  rate during  mixing time  due  to abnormal  capillary  permeability,  then its 1010  CHANGES DURING IMMUNIZATION 
distribution volume  might  be  appreciably greater  than  the  plasma volume.  This 
source of error could largely be ruled out in our experiments because the apparent 
anemia was associated with a normal red cell volume as determined by labelled cells, 
which implies that the increase in plasma volume was a real one. Further evidence of 
the reliability of the 181I-plasma volume was given by the body/venous hematocrit 
ratio. Normally this is about 0.9 (8). The low body hematocrit is ascribed to an uneven 
distribution of cells and plasma within the vascular bed and to the occurrence of an 
extravascular red  blood  cell-free plasma  compartment  which  almost  momentarily 
equilibrates with  circulating plasma.  If  the  ~3~I-albumin-plasma  volume  was  erro- 
neously high in immunized rabbits one would expect a body/venous-hematoerit ratio 
much lower than normal, but the mean value of 5 animals was only 5 per cent lower 
than that of 4  controls. On the other hand this  may reflect that the over-all endo- 
thelial permeability to albumin was somewhat higher than normal. 
A similar demonstration of the action of gamma  globulin as a  "plasma expander" 
is published by McCance and Widdowson  (9). These authors have shown that new- 
born piglets getting colostrum exhibit an increase in serum gamma globulin of about 
3 grams per cent and at the same time an increase in plasma volume of about 30%. 
This increase in plasma volume explains the anemia observed in sucking piglets. 
Our results fit quite well those of McCance and Widdowson: an increase of 
about  9  gin.  per cent gamma  globulin corresponds in our  experiments to  an 
increase in plasma volume of about 100 per cent, whereas in their experiments 
an increase in gamma globulin of about  3  gm.  per cent corresponds to an in- 
crease in plasma volume of about 30 per cent. 
The  increase in  plasma volume  observed in  these  experiments is probably 
due to a regulative mechanism, which attempts to maintain the colloid-osmotic 
pressure. This regulative mechanism seems to have priority over volume regula- 
tion. 
SUMMARY 
In rabbits  hyperimmunized  with pneumococcal vaccine high concentrations 
of gamma  globulin are produced.  In such rabbits, plasma volume  was de- 
termined with ml-labelled rabbit albumin  and red cell volume  with 5~-Cr- 
labelled autologous red cells.  It was found that the plasma volume increased 
with increasing gamma  globulin concentration, the highest values observed 
being about 10 gin.  per cent gamma globulin  and about 70 ml. plasma per kg 
as against normal values of 0.6 to 0.7 gin.  per cent gamma  globulin and 30 
ml. plasma per kg. The red cell  volume was the same in immunized  and in 
normal rabbits  and consequently hemoglobin concentration fell  with increasing 
gamma globulin. 
BIBLIOGRAPHY 
I. Bj~rneboe,  M., and Schwartz,  Michael,  Investigations  concerning  the changes in 
serum protein  during immunization. The cause  of hypoalbuminemia  with high 
gamma globulin  values,  ]. Exp. Med., 1959,  110,  259. ~.  BJ~BOE  Am)  s.  j Aa_~r~  1011 
2.  LaureU,  C.  B.,  Laurell,  S.,  and  Skoog,  N.,  Buffer composition in paper  electro- 
phoresis. Considerations on its influence with special reference to the interaction 
between small ions and proteins, Clin. Chem.,  1956, 9., 99. 
3.  Lowry, O. H., Rosebrough, N. J., Farr, A. L., and Randall, R. J., Protein measure- 
ment with the Folin phenol reagent, J. Biol. Chem.,  1951,  193, 265. 
4.  VeaU, N., Pearson, J. D., and Hanley, T., The preparation  of mI- and  13tI-labelled 
human serum albumin for clinical tracer studies, Brit. J. Radiol., 1955, 28, 633. 
5.  Mollison, P. L., and  Veall, N., The use of the isotope  ~lCr as a  label of red ceils, 
Brit.  J.  Haematol.,  1955,  1,  62. 
6.  Verel, D.,  Simultaneous measurement of plasma volume with dextran and Evans 
blue:  evidence  for  increased  vascular  permeability  in  edema  and  infection, 
Clin.  Sc.,  1958,  17,  639. 
7.  Wasserman,  K.,  and  Mayerson,  H.  J.,  Plasma  volume  changes  compared  with 
hematocrit  and  plasma protein  changes  after infusion,  Am.  J.  Physiol.,  1955, 
182, 419. 
8.  Chaplin, J. Jn., Mollison, P. L. and Vetter H., The body/venous hematocrit ratio: 
its constancy over a wide hematocrit range, J. Clin. Inv., 1953, 89., 1309. 
9.  McCance, R. A., Widdowson,  E. M., The effect of colostrum on the composition 
and volume of the plasma of new-born piglets,  J. Physiol.,  1959,  145, 547. 